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This study describes separation of algae from 
stabilisation pond effluent through induced flocculation, 
without the use of any chemical. With the help of domestic 
blender and a fractional horse power recirculation pump it 
was possible to induce bioflocculation of algae. The 
relationship between percent removal of algae and energy 
consumption per unit volume of the algal suspension was 
exponential in nature in both the cases. The efficiency of 
removal was higher with the blender than with the pump. 

Removal upto 90% was recorded with the former. It was also 
observed that the efficiency increased with the increase in 
rate of energy consumption. Low-speed mixing was found to 
be practically ineffective in this process. 

The harvested cells did not grow in a synthetic 
medium indicating that they are most probably non-viaple . 

From certain studies it was inferred that the mechanism 
of removal of algae was due to some sort of exo-cellular 
polymer. that separated out from the cells d-uring the operation. 



CHAPTER I 


IHTRODUCTIOE 

1 .1 QEHERAL OUTLINE 


With rapid growth in the world population even 
seemingly limitless natural resources like food, fuel 
and water are getting scarce. Growing number of industries 
and ever increasing affluence in the society are further 
multiplying the world problems by polluting the environment. 
The very civilisation looks tlireatened by pollution and 
is confronted with mammoth challenge to provide clean air, 
safewater and adequate quantity of nutritious diet , to the 
present and future generations-. Conditions. a,f e cofiii^fatively 
Jhettdr in some of the western countries, but the problems 
are far more acute in developing countries like ours; 
for instance, more than 90 percent of the population has 
n© option than to drink unsafe water (42). The major 
portion of the urban population is obliged to live in slums 
and ghettoes* The environment in such areas has a very 
degrading effect on the quality of human life. Particularly 
diaas-trous effect is On the growing children who sixffer 
both mentally and physically . 
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Our milch aninBls such as cows and buffalo 
produce muchless quantity of milk per lactation as 
compared to those in western countries, irainly because 
of inadequate quantity and substandard quality of fodder, 
they are fedwith; extremely poor quality of water, they 
are served with? and intolerably unsanitary conditions, 
they are kept in. 

It is no doubt a big problem and it is extremely 
difficult to solve it in short time mainly because of 
large population and vast area of the country. Even for 
providing basic minimum requirements of nutritious diet 
and safe water to all the people it would entail too 
huge an expenditure to afford at present at least, if 
not in future.. The problems can reasonably be cut dcwn 
to a workable size if we, at least stop polluting our 
natural water resources and adopt an unconventional means 
of food production. A reasonably good solution might 
be St hand if treatment of domestic and industrial wastes 
is accomplished to a desirable extent before dischargirg 
them to natural bodies of water and the byproducts of the 
above treatment processes could be utilised for various 
other beneficial uses. 
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Treatment through stabilisation ponds is a good 
solution to meet both the objectives at a time. This method j 
along v/ith economic treatment of sev/agc, produces a 
highly nutritive byproduct i.e. algae, which have the 
potential to be utilised for various beneficial purposes. 
Other advantage of this method is that it has been found 
to be the cheapest amongst all the conventional methods 
of sewage treatment within a population-range of 5000 to 
2,00,000 people provided the cost of the land does not 
exceed Rs. 55p0O per acre (1 ) - The method is easily 
adoptable in India since most of Indian towns fall within 
the above mentioned population range, with plenty of 
cheaply available land and favourable climatic conditions 
alround the year . 

1 -2 SIGNIIICAKOE OF ALGA E IIT S TABILISA TIOIJ PO^ID 

Treatment of v/astes in stabilisation ponds is 
mainly achieved through photosynthesis. In these ponds 
bacteria decompose organic constituents of the wastes 
and jsutritional products of decomposition are made 
available to algae. The algae by trapping solar en^gy 
and utilising the nutrients made available by bacteria 
give rise to more algal cells, as well as produce oxygen 
which in. turn is used by bacteria to oxidise the wastes. 
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The current practice of disposal of effluent 
from stabilisation ponds is either by seepage or 
through stream disposal or unscientific land irrigation- 
hisposal through stream is quite common in practive. 

This type of disposal causes taste and odour problems 
clogging of filters, etc- In addition, when algae 
decompose they increase BOD load in the streams and 
pose danger for fish and other aquatic life (2). Algae 
as such are a useful product and their wastage in the 
effluent is not only a loss but has contributory effect 
towards increasing the eutrophication and the natural 
biological problems associated with fresh water environ- 
ment . 


As reported in literature (3,4) algae generally 
contain ten aminoacids & large amount of vitamins A 5 B 5 C. 

The algal cells contain on an average 50 to 60 percent 
protein, 20 to 30 percent lipids, and 10 to 2 0 percent 
carbohydrates (5). Because of likely presence of pathogens, 
sewage grown algae might not be suitable for direct human 
consumption but they can be used as chicken-and live stock 
feed ( 6 ). They can also be used as fertilizer (7) or 
as fuel, either directly by burning or indirectly by 
producing methane through anaerobic digestion ( 8 )- It 
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is reported in text book (9)| that the net fuel value of 
methane is 963 BTU/Pt^ 

As mentioned earlier, algae; that grow in 

stabilisation ponds are highly useful product but are 

liable to create further problems if, not removed from 

pond-effluent before discharging it to streams or otherwise. 

Besides this, stabilisation pond-algae utilise the wastes 

which are obnoxious, disposable and cheapest type of 

nutritious 

nutrients and in return they give a highly /algal yield 

in stabilisation ponds which is a high yielding 

algal yield 

crop. As per CPHERI report (10) /as high as 12 tons/ 
acre-year in v/inter to 60 tons/acre-year in summer has 
been recorded . Studies by Oswald et al. (4) further 
indicates that the nutritional value of algae is not 
much altered by their method of mass culturing. 

Harvesting of algae becomes difficult economically 
because of their low concentrations, microscopic size, 
and low specific gravity. Ivumber of methods such as 
centrifugation, chemical precipitation, filtration, 
ion exchange, sedimentation etc. have been tried by many 
workers including Golueke, Oswald and Gee (11). They 
report that, none, except chemical precipitation would 
be practically feasible. They further report that 
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centrifugation would have been a possible means of 
harvesting but becomes highly uneconomical because of 
high initial and operating cost. Algae harvested by 
chemical precipitation contains an appreciable percentage 
of chemicals used in the process of harvesting. Presence 
of such chemicals restrict the further use of the harvested 
algae, e.g., algae harvested by this method could not 
be digested anaerobically in an experimental study made 
by Saini (8). Methods used by Ramchandran (12) and 
Kumara Sastry (13) for harvesting algae involve the use 
of a costly (Rs, 1200/Kg.) and scarcely available cationic 
surfactant, Hexa-deca pyridinium chloride (^21^38 
which is not nanufactured in India. In addition, this 
chemical escaping along with concentrated algal sludge 
might affect its nutritional quality and preclude the 
use of algae for other beneficial purposes. 

1 .3 OBJECTIVE OR THE PRESEMT STUDY 

The present study has been undertaken to find out 
a feasible method of harvesting algae from stabilisation 
pond-effluent without using any chemical. Since it is 
not intended to use any chemical in the process of 
harvesting it is expected that the algae harvested by 
this method would be qualitatively much better than that 
harvested by chemical precipitation or froth flotation. 




GHAHDER II 


LITERATURE HEVIE7/ 

2 .1 HISTORY OF STABILISATION POID 

Existence of stabilisation ponds in one form 
or other antidates the prehistoric times and they 
are no more a novelty now- Prom time to time they have 
been referred to by many names such as oxidation ponds, 
redox ponds, maturation ponds, sewage lagoons, anaerobic 
lagoons facultative lagoons, etc. (5). Use of ponds, 
depressions and lagoons or any other natural or designed 
retaining basins to treat wastes is not new (14). It is 
believed that moats that surrounded the castles of the 
middle ages, functioned not only as defensive devices, 
but also incidently served the purpose of stabilisation 
ponds where algae flourished and played the vital role 
of purifying sewage that resulted from the community 
living within these castles and invariably entered this 
body of water (15). But the purification potential 
of these ponds was realised much later. It y/as Gillespie (16'' 
who gave the first jjublished description of the ponds 
of Santa Rosa, California, U-S.A., which were built in 1924. 
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Review of many papers on stabilisation ponds have been 
published by Pitzerald and Eohlich (14). 

The use of stabilisation ponds in India is 
virtually unrecorded historically. But in recent years 
ponds have however come to be installed as distinct 
treatment devices, designed, on the basis of certain 
empirical or rational criteria. Perhaps the first 
small installation was a pond for the I'fedras University- 
Campus built in 1957. The first large scale installation 
was the one, at Bhilai where it serves a population of 
about 100,000 people. These ponds are receiving increasing 
attention at present and there are now over 50 ponds in 
operation in India (5). 

Ponds for treatment of industrial wastes combined 
with domestic sewage have been constructed, for example, 
in Bombay by a pharmaceutical firm; near Kanpur for a 
sugar factory; in Hyderabad for milk wastes; and ponds 
are also under construction for treatment of wastes from 
a fertilizer factory (5)- 

2,2 MECHANISM OP PURIPICATIOH OF WASTES IH STABIIISATIQH 
POND 

The treatment mechanism in a stabilisation pond 
depends upon mutually beneficial relationship (Eigure-1 ) 




WASTES Op — — y ^ HARVEST ALGAE 


9 



FIGURE 1 PROCESSES TAKING PIACE IN THE STABILISATION POi'JP 
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'that exists between algae and bacteria; each giving to 
the other, what the other needs. Under favourable conditions, 
bacteria oxidise the organic matter present in the wastes 
aerobically resulting into the production of carbon 
dioxide, ammonia, phosphate and water etc. which inci- 
dentally happen to be the essential nutrients in presence 
of sunlight for algal photosynthesis. Algae utilise these 
simpler end products of the bacterial decomposition and 
with the help of solar energy synthesise more algae; 
simultaneously releasing oxygen which can be utilized 
by bacteria. The excess quantity of algae and bacteria 
produced in the process pass out with the effluent. Out 
of total oxygen supplied to pond-eff luent only very small 
fraction is consumed by algae themselves for respiratory 
needs. In completely aerobic ponds the amount of oxygen 
production is much more as compared to algal respiratory 
consumption and thus aerobic condition is normally 
maintained throughout. Conditions might turn anaerobic 
in a facultative pond under unfavourable conditions. 

If s^ufficient oxygen is not available particularly 
in the bottom layers of a pond, anaerobic or facultative 
bacteria obtain the required oxygen from chemical 
compoundslike nitrates and sulphates and produce various 
volatile acids which are, in turn further degraded to 
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methane ani carbon dioxide by what are known as methane 
bacteria . 

2,2.1 AEROBIC OXIDATION 

Disregarding phosphorus, sulfur and trace 
elements, the oxidation of organic matter has been 
found experimentally to follow the reaction (17) 

C^1 H2g + U O2 + t->-11C02 + I3H2O + 

Ammonia is rarely oxidised to nitrate in sto-bilisation 
ponds because it is either assimilated by algae, lost 
to the air or precipitated during periods of high pH 
before nitrification can become established. 

2 ,2 .2 OXYGEH BRODUCIIOH THROUGH HHOTOSYHTHESIS 

Hiotosynthesis is the ir.a;jor source of oxygen 
for aerobic oxidation in stabilisation ponds since 
atmospheric reaeration is negligible as compared to 
this, Oswald (18) has given the following reaction 
for the composition of algae. 

+ 7.6 CO2 + 17.7 H2O - r-=- Cy Hq^-, 02^5 H + 7.6 O2 


+ 15.2 HgO - 886 K cal. 
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About, 1.67 mg of oxygen are liberated for each 
mg of algae synthesised (19). 

2 .2 .3 COWBRSIOU OF SOLAR BI^HEGY 

Only a small fraction of solar energy received 
on a pond surface is converted into chemical energy and 
gets fixed in new algal cells. The energy so converted, 
can be computed in terms of calories per litre per day 
by the equation given below (5). 

H = h- 

where ; H = Energy in terms of calories per litre per day. 

Y. = Yield of algae in mg/litre/day 
and h’ = Unit heat of combustion per mg of algal 
species involved. 

The value of h' can be computed by the empirical 
relation 



398.9 


where R 
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C, H, 0 can be computed on ash free weight basis for a 
given species. Experimentally h' has been found to be 
about 6 calories per milligram for sewage grown algae (5 ) • 
The value reported from controlled experiments (21 ) 
show that the efficiency of conversion of solar energy 
is around 4 percent under normal conditions. 

2.2.4 ILniMIHA-TION RmUMmmm for HIOTOSYhTHESIS 

It is a layman belief that high intensity of 
sunshine is necessary for algal photosynthesis. Actually 
it is not lihe that, rather the requirement varies from 
species to species. Eor a species like Anacystie , the 
saturation level is well below 1000 foot -candles or less 
than 1/10 of full sunlight. The light saturation 
intensity for Qhlorella is 600 foot -candles only, where 
as for Euglena the optimum is 2000 f oot -candles , It 
can therefore, be stated that very high intensity light 
is i?pt normally needed for successful waste treatment. 
Adequate light energj'' is normally available for photo- 
synthestb any where in India including its northmost 
parts (5). 

2*3 SPECIES OF ALQ-AE Ih STABIlISATIOh POMPS 


T^otally, over 17000 species of algae are now 
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known (5) but only relatively few of them are important 
for public health engineers. 

Of particular significance in waste stabilisation 
ponds are the commonly found green (Ghlorophyta) and 
blue - green (Oyanophyta) algae. 

Blue-green algal mats frequently develop in 
ponds during summer months - Euglena species show a hi^ 
degree of adaptability to various pond conditions and are 
present during all seasons and under most climatological 
conditions. Probably next in adaptability are Chlamydomona s , 
Anki strodesmus , Scenedesmus and Chlorella . Ghlorella 
has relatively the maximum oxygen production capacity 
and is, therefore, the most desirable algae in stabili- 
sation pond. Fitzgerald _et ^1. (14) conclude that the 
most numerous algae which grow on sewage are normally 
species of Chlorella , Scenedesmus and Euglena . Jayangouder (20 ) 
in a quantitative studies of the dominant and sub -dominant 
algal flora of the pilot lagoon at Ahmedabad during the 
monsoon and post-monsoon seasons of 1 962 found that the 
dominant species was Chlorella pyrenoidosa . But pre- 
dominance of one species over the other varies from 
season to season. This statement is supported by Round (21 ), 
who states that species are controlled by season and 
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geographical location as light intensity aM temperature 
are important factors in the gravth of different species. 

2.4 HEALTH ASPECTS 

As per studies made by mmber of workers a 
properly designed and operated stabilisation pond system 
would give an equally good effluent, if not better than 
what is expected from the conventional sewage treatment 
plant with respect to health aspects- In fact stabili- 
sation ponds are often reported to be giving higher 
percentage removals of irdicator bacteria and pathogens 
than conventional plants- In studies irade by GIHSRI (5) 
on a pond treating l/2 mgd of municipal sewage at Hagpur 
it was found that the effluent was free from bacterial 
pathogens, cysts of Entamoeba hystolytica and helmith 
eggs. E. Ooli removal efficiency as high as 99.99 percent 
has been reported by Arceivala _et (5). The reasons 

for die-away of coliforms and bacterial pathogens in 
stabilization ponds are believed to be mainly due to the 
prevalance of high pH value in excess of 8 and even 
as high as 10.5 at certain hours generally in the 
afternoons (22). The die-away might also be due to 
release of anti-bacterial substances by some algae (23). 
As reported by Arceivala et (5) intestinal pathogens 
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belongirg to Salmonella ard. Shi^^ella groups v/ere fouiod 
to be completely absent during testing period (Peb. 1969 
- Aug. 1969) in a full scale studies of stabilisation 
pond at Bhandewadi, IJagpiir . The percentage reduction 
of coliforms and fecal streptococci were in the ranges 
of 99.7 to 99.9996 and 99.0 to 99.9998 respectively. In 
laboratory and field scale studies made by Davis and 
Gloyna (24) it was observed that enteric bacteria & 
other pathogens die faster in contact with mixed algal 
culture, than with pure algal culture. The die-rate 
constant became higher when pre-anaerobic conditions 
were employed. Virus removal studies carried out by 
CPHERI Hagpore (5) showed that in waste stabilisation 
ponds over 90 percent removal of enteric viruses could 
be obtained - 

Experience v/ith working of ponds in India and 
in other countries (25) has shown that the mosquito 
breeding is directly proportional to the extent of 
aquatic vegetation and floating matter in ponds, both 
of which can be controlled by good design, proper 
operation and maintenance. 

It can therefore, be stated that stabilisation 
ponds, are in many respects better than conventional 
treatment plants with respect to health aspects. 
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2 .5 VASIOaS IvlEgHODS gOR HARVESTIIg Qg ALGAE 

It has already been mentioned that harvesting 
of algae from stabilisation pond effluent is difficult 
due to their microscopic physical size, low specific 
gravity and dilute suspensions. However, various methods 
have been tried by different workers and a brief revl©Ar 
of the same is given here. 

The processing of algae needs the following 
steps (11) : 

1 . Initially concentrating the algal suspension, 

2. Dewatering and cone entrating- the resulting 
slurry, 

3* Drying the dewatered algae for storage and 
handling. 

Theses three steps are necessary because it is neither 
technically nor economically feasible to bring the algae 
from their dispersed state in the culture to a finished 
dried product in one operation only. 

After dewatering, a slurry of about 8 - 15 % solids 
content can be achieved (4). 

Some of the methods tried by idiff erent workers 
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(11, 12, 26, 27) for harvesting of algae are t 


i) 

C entr if ugat i on 

ii) 

Chemical precipitation 

iii) 

Filtration 

iv ) 

Flotation 

v) 

Ion Exchange 

vi) 

las sing through charged zones 

vii) 

Ultrasonic vibration 

viii) 

Microstraining 


2.5.1 CEMIFUGATION 

In an experimental study made by Golufeke & Oswald 
(11 ) it was observed that the removal of algae from algal 
suspension of 200 mg/l ranged from 84 percent at a through- 
put rate of 100 gpm to about 64 percent at 385 gpm at 
rotational velocities of 3000 and 3300 rpm. respectively. 

It was noticed that the disc angle of the centrifuge 
also affects the separation at throughput rates greater 
than 300 gim. At throughput rate of 385 gpm, removal 
with disc angle of 45° was 52-64 percent, while with 55° 
it was 74 percent. Power requirements varied inversely 
with algal- concentration. For example, at a throughput 
rate of 300 gpm and the algal concentration of 86 mg/l, 

3 

7.64x10 KWH were required; whereas with algal concentration 
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of 295 mg/l- Tile power requirement was only 2.64x10^ KWH 
for processing one ton of algae. 

Although centrifugation offers the advantage of 
simplicity, continuity in operation and the production 
of material high in quality without the need of ar^ 
chemical, it has certain obvious disadvantages which out- 
weigh the advantages. One is the high cost of the centrifuge 
itself (a centrifuge for a throughput rate of 400 gpm cost 
$ 50,000 in 1963“64). and the other disadvantage is the 
relatively high power consumption. large scale harvest!^ 
through centrifugation therefore, appears to be out of 
question in developing countries. 

2.5.2 CHEMia4 L PREC IPITAi' I OH 

Removal through chemical precipitation involves 
the addition of reagents such as aluminium sulfate 
(filter alum), lime, or organic cationic flocculents, 
acids, etc. when coagulation is induced by addition 
of a chemical reagent, the addition of the reagent is 
followed by a brief period of rapid mixing and then 
five to ten minutes of gentle stirrirg to develop floe 
particles of sufficient size and density to permit rapid 
Sedimentation an! then after subsequent removal of 
flocculated material. 
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Although separating algae with the use of 
alum or lime is relatively cheap the harvested product 
contains either aluminium or lime which precludes the 
product to be utilised for other beneficial purposes. 

Saini (8) reported that algae harvested through alum 
precipitation could not be digested anaerobically. 

Another disadvantage accompanying the use of lime is the 
high pH of the effluent v/hich makes it undesirable for 
direct discharge into streams or other bodies of water, 
or for use in industries (11). On the other hand the 
pH is generally very low when alum is used. Consequently 
an additional expenditure would be required for waste 
water conditioning. This method, therefore, has nBny 
limitations against large scale use. Golueke and 
Oswald (11) further report that the use of organic reagents 
’Sondelite' and ' Purif loc 601 and 602’ gave better results 
but these chemicals were very costly as well as scarcely 
available. It may be noted here that these chemicals are 
not available in India, 

2.5.3 PILTRATIOH 

Golueke and Oswald (11) tried filtration on 
laboratory scale using a Buchner funnel and with an 
Oliver filter leaf 3 cm in diameter. Complete removal 
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was reported with diatomaccous earth, corn starch ard 
calcined rice hulls as filter aids- It was observed 
that all filter media including some types of filter- 
papers, fine mesh metal, nylon, cotton and woolen screens 
of wide varieties were ineffective in absence of filter 
aids. It was further reported by Gloyna et (28) 

that minimum cost for filter aid was of the order of 
$ 110 per million gallons of suspensions. 

Biological filters were effective but the 
throughput rate was very low. It was thus concluded 
that filtration would not be an economically feasible 
method for harvesting of algae. 

2.5.4 ILOTATIOB 

Removal of algae by flotation too has been tried 
by number of workers. Goluidce and Osv/ald (11) used 18 
different flotation reagents but most of them were 
ineffective excepting the two. Levin et (29) observed 

that harvesting, by flotation was a function of pH, 
aeration rate, aerator porosity, feed concentration ard 
height of foam in the processing column. They also 
report that good removal could be obtained only below 
pH 4.0 which appears to be a drawback for the process as 
norml pH of the pond effluent remains 8 or above. 
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Ramchandran (12) ani Kumara Sastry (13) used foam 
flotation for algal-harvesting on batch and continuous 
process. Both of them used an impcrted cationic surfactant, 
hexadecapyridinium chloride which is very 

expensive and is not available in India, Ramchandran 
reports that the best removal (about 15 %) could be achieved 
with surfactant dose of 20 mg/l, airflo'/'; rate of 1 .5 volume 
of air per unit volume of liquid per minute (V?M) and 
pH 3.0. Similar results v/ere obtained by Kumara Sastry. 
Sastry also tried with indigenous surfactants such as 
Acinol CBMB, Acifix liquid, Dex = 2, Saponin etc. but 
the effectiveness of these reagents was very poor and 
was not comparable with the previous one. 

necessity of costly surfactants (like Hexadeca- 
^ridinium chloride), reduction of pH of the suspension 
as low as 3*0, and aeration of the system @ 1 .5 VVM for 
removal of algae from pond-effluent altogether render 
the process rather expensive and discourage its adaptation 
on field scale. 

2.5.5 ion EXCHANGE 

Golueke e^ ^.( 30 ) in their studies found that 
algae could be removed by passing an algal suspension 
through a column either of weak or strong cation-exchange 
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resin, although the latter being more effective. 

Mechanism of removal involved flocculation that 
resulted from changes in surface charge of the algal cells 
brought about by the charge of the resin jthis was demonst- 
rated by the failure of the exchange columns to remove 
algae after their exchange capacity had been exhausted. 

Their ability to remove the algae became progressively 
less after each regeneration. The draw back of the process 
was that the regeneration of columns could be accomplished 

4 " * 4 “ 

only with H . The addition of Ife or any cations other 
than H'*' effectively interferred with algal - removal 
capacity . 

These studies were carried out on laboratory 
scale and further studies would be necessary to explore 
its possibility for field-scale size. 

2.5.6 passing THROUG-H CHA.HGEI) ZOkTlS 

Algae exhibit a negative surface charge (32). 

Based on this property it was hypothesised that they 
could be nBde to migrate towards the cathode of an 
electrolytic cell. Experiments to this effect were 
carried out by Golueke et (11)- on laboratory scale. 

Aluminium, copper and carbon were used as electrode material 
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either in pairs of the same or of different materials - 
Distance between electrodes varied from l/8 to l/l2 inch 
and current varied from 0 to 900 milli ampere. Throughput 

5 

rates varied from 0.05 to 1 .2 gpm per ft. of cell volume. 
Excellent separation occurred with aluminium or copper 
electrodes because of good floe formtion by the release 
of copper and/or aluminium and subsequent formation of 
hydroxides of copper and/or aluminium. Unfortunately 
carbon electrodes could show little or no response. 

2.5.7 SONIC VIBRATION 

It was hypothesised that, if cells were compelled 
to come in contact with each other by some force and 
thereby have their surface charges neutralized, they, then 
would adhere to each other. Eventually they mi^t form 
clumps of cells sufficiently large for settling or at least 
large enough for easy removal by conventional screening 
methods. Golueke at (11) tried to prove this 

hypothesis by exposing the algal culture to ultrasonic 
waves of 15000 cps or higher. But the result was just 
the reverse;the cells, instead of being clumped together, 
dispersed effectively. 

2 .5 .8 MICEOSTRAINING 


Berry (31 ) conducted various experiments with 
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microstrainers at varying flow rates and varying speeds 
of the drum. He reported fairly successful removal of 
filamentous algae but the removal of planktonic forms 
was only indifferently successful. Microstraining is 
based on development of microfabrics of stainless steel. 
Further reducing the pore-size of the microfabrics might 
remove the planktonic forms but this would create the 
problems of clogging and thus reduction in rate of 
filtration. Golueke et (ll) report that filter 

aids, showed some improvement in removing planktonic 
forms, but flow rate was appreciably reduced. Development 
of effective microstrainers is therefore necessary before 
adopting them for harvesting sewage grown planktonic 
algae, otherwise the use of filters would make the 
process highly uneconomical. 

2.6 CLOSUEE 

Golueke et (11 ), comparing the various merits 

and demerits of above discussed methods-, report chemical 
precipitation to be comparatively successful and feasible 
process. As has been discussed earlier, this method 
involves the necessity of various chemical reagents 
that make the method expensive and the harvested algae 



less useful. Attention and efforts should be diverted 
towards exploring economical and simple method that would 
avoid the necessity of any chemical what~so-ever . 

The present study has been undertaken with this 


view in mind . 



CHAETER III 


IvIATERIALS Al© I'lETHODS 


3 .1 I^II-ROEUCTIOE 

Source of algal-culture for various experiments 
was the effluent from stabilisation pond of I.I.T. Kanpur- 
Campus , The characteristics of the pond and its effluent 
are given in Table - 1 . . The mixed algal concentration 
has been found to vary from 76 mg/l in winter to 430 mg/l 

■Jf 

in summer as determined by Spectronic-20 . All the experiments 
were conducted inside the institute laboratory at room 
temperatures varying from 15°C to 38°C. lio attempt was 
made to adjust the pH. However, the record for the pH 
was maintained and its value has been reported with respective 
results . 

3 .2 MICROSCOPIC STUDIES 


To identify the species of algae present in pond- 
effluent, microscopic studies were carried out and the 
identification effected according to Standard Methods. The 
identification was further confirmed by algalogist at 
CPHERI- Ifegpur. The species observed are presented in 

* A spectrophotometer ; path length 1 cm. (Bausch & Lomb) 
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TABIiE 1 


CHARACTERISTICS OE STABILISATION POKS (1 .1 .T .KAHHJR) 
(Reference - 5 , 8, 40 and 41 ) 

GENERAL CHARACTERISTICS 


1 .1 

Dimension in metres (each) 

91 .44x60 . 96x1 

.37 


1 .2 

Area in hectare (each) 

0.55 




1 .3 

Population Serving 

6000 




1 -4 

Daily Plow (million litres) 

2 




1 .5 

Detention Time (days) 

4.5 




1 .6 

Percent BOD Reduction 

83.3 




1 .7 

Sludge Accumulation(l^ / capita-year ) 

0.31 



1 .8 

Provision of Grit Chamber 

Nil 




1 .9 

Mean Air Temperature (°C) 

Jan. 

May 

Aug. 

Nov . 



14.9 

34.1 

29.0 

22 .9 

1 .10 

Mean Monthly Wind Speed (Km/hr) 

3.7 

12 .71 

10.30 

4.02 

1 .1 1 

Latitude 

26° 26 

N 




1,12 Average Solar Radiation (gm calories/cm -day) 


300 


1 .13 Approx, duration of sun-shine 

(hrs . min) 


22 Pec. 21 Iferch 22 June 
23 Sept. 

10-30 12-06 13-48 
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TABIE 1 (COmJ 

2. IKPEUEMT CHARACTERISTICS 


2.1 

BOD 5 (mg/l) 

160-1 80 

2.2 

Organic loading (kg/hectare- 

day) 

465 

2.3 

Suspended Solids (mg/l) 

120 

2.4 

Ammonia Nitrogen (mg/l) 

6.5 

2.5 

Organic Nitrogen (mg/l) 

8.0 

2.6 

Total Phosphates (mg/l) 

5.2 

2.7 

Chloride (mg/l) 

65 .8 

2.8 

PH 

7.9 

EPELUEHP CHARACTERISTICS 


3.1 

Algae Concentration (mg/l) 

76-430 

3.2 

pH 

8 . 7 - 10.0 

3.3 

Ammonia Nitrogen (mg/l) 

2 .83 

3.4 

Organic Nitrogen (mg/l) 

5 .20 

3.5 

Total Phosphates (mg/l) 

2 .80 

3 *6 

DO (mg/l) 

8.90 
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TABIE 2 


SPECIES OE ALGAE OBSERYEL IE POHD-EPPIUEHT 


1 . GREEN ALGAE (CHLOROPHYTA ! 
1 .1 Chlorella 


Predominant 


1 .2 Chlamydomonas 


(Cl) 


Good Kumber 


1 ,3 Micractinium 


OCr^ 


BLUE GREEN ALGAE (CYANOPHYTA) 




2 #1 Anabaena 


Good Bumber 


2,2 Ana cyst is 


2 .3 Phormidium 


q) 


^ $ tj^y 



Very few 


Rare 


2.4 Spirulina ( orthos pira) 


Quite Good 
Mimber 


3, DIATOMS (BACILLARIOPYTA) 


3.1 Bavicula 


Rare 
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TABLE 2 (COEPD.) 


4. FLAGELLATES (EUGLENOFYTA ) 


4.1 Euglera 



Few 


N.B : In addition to algae Protozoa (Paramectum) 
were observed in quite good numbers. 
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Table 2 from where it can be seen that Chi or el la was the 
most predominant species . 

3 .3 CALIBHATIOI-J CURVE (AlGAl-COHCBbTRATION VS . A3S0BBAHCE) 

The optimum wave length for mixed algal-suspension 
was determined to be 430 mp, on " Spectr onic-20" at path 
length of 1 cm. About 2 litres of the algal-culture was 
centrifuged at 8000 rpm for ten minutes in laboratory 
centrifuge. A thick suspension was prepared by re-mixing 
the pellets formed, in distilled water- Twentyfive ml. 
of the suspension was taken in a crucible and dried in 
hot air oven at a temperature of 103°C for 24 hours and 
dryweight determined after proper desiccation- With other 
portion of the concentrated suspension different suitable 
dilutions were prepared with distilled water- Absorbance 
of each suspension was found at pre-det ermined optimum 
wavelength (430 mfx )• The calibration curve prepared is 
shown in Figure - 2- This figure shows the relation 
between dry-v/eight -algal-concentration and absorbance at 
pathlength 1 cm and wavelength 430 m^ . 

3 .4 EXPERIilEKTAL SET-UP 


The main experimental setups are presented in 
Figure 3 and 4. The first set-up consists of a domestic 
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blender of one litre capacity (Table 4) vi/ith an energy 
meter (Table 5) of sensitivityj upto the order of 5-5x10 ^ K\7H. 
connected in series. The blender consists of three different 
speed control device. It was used for blending various 
algal-suspensions at various speeds- The corresponding 
electrical energy consumption each time was measured 
through energy meter- Figure - 4 consists of graduated 
cylinders which v/ere used as sedimentation chambers for 
blended and unblended algal - siispensions - As shown in 
Figure - 4, the first and fourth cylinder from the left 
consists of freshly mixed unblended (control) and blended 
algal suspension- Cylinder IJo - 3 and 5 through 8 contain 
algal - suspension to w'hich little or no blending has 
been applied. Cylinders 9th onward contain nicely 
blended suspension. It can be seen from Figure - 4 that 
algae float on the surface in some of the cylinders while 
in other they have settled at the bottom. Necessary 
discussion about this phenomenon has been presented later. 

Another means of inducing agitation to algal- 
suspension ?/as its recirculation through a small size 
centrifugal pump (Table - 3)- The electrical energy 
consumption was measured with the same energy meter 
referred above. The algal-suspension after recirculation 




FIGURE 4, BXREEIMEETAL SET-UP (SETTIIMJ) 



TABI^) 3 


HJMP(CEMrEIPUGAl) 


SPECIEICATIOU 

SGM : MOTOR 
CYC : 50 

PLC ; 0 . 4 A 

RPM ; 4000 

RATIRG ; Constant 
SER.RO. : 3405 

SOM ERGG. CORPOEATIOR IMDIA 

POy/EE 

0.1 W 

or 

0,134 hp. 

or 

10^ ergs/sec. 
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TABLE 4 

BLEBLER 

SPECIEICATION 


BAJAJ SENIOR MIXER 
WATTS : 350, VOLTS 23 
CAPACITY ; 1 LITRE 
BATCH NO. 4690148 
SER. NO. 413 
BAJAJ ELECTRICAL LTD. 

SPEED (UNLOADED) 

RPM* 

I- 5000 

II- 5400 

III- 5750 


ac/dc 


INDIA 

POWER (LOADED) 

m 
0.25 
0.33 
0.40 


* Measured with "STROBOTAC" (electronic 

stroboscope) Type 1531 - AB. manufactured by 
General Radio Company, West Concord, Massachusetts, 


U.S.A. 



38 


TABLE 5 


EEERGY IffiTER 


SEBCIEIGATIQIxT 

SINGLE PHASE A/c ffflTER 
AMP. MX : 10 

TYPE : L 

VOLTS ; 230 

CYC . : 50 

REV. PER KIYH ; 1800 
NO. ; 2157843 

CHAlffiERMIN & HOOKHAM LTD. 

SENSITIVITY 


5.5x10 ^ KY/H 



for varying time was also kept in measuring cylirders in 
similar fashion as shown in Figure - 4. 

Detail specifications about pump, Blender and 
energy meter used, are given in Tables 3, 4 & 5 respectively. 
Other details and the experimental results are presented 
in Chapter IV, 

3 .5 METHOD FOR CALCULATING SHEAR GRADIEiCT ’G' A IF) SHEAB 
STRESS "T" 

The agitation applied to any real fluid imparts 
it velocity gradients and the work done by the shearing 
stresses generated is dissipated in the fluid. The velocity 
gradients throughout a mixing chamber vary considerably 
in magnitude, but under steady conditions of work input 
there is a mean velocity gradient which corresponds with 
the mean value of work input per unit of time per unit 
volume, 0 ^, throughout the tanlc- Cam.p and Stein (45) have 
shown the work of shear per unit volume per unit of 

time at a point, to be the dissipation function and have 
developed the following specific relationship for the root 
mean-square temporal velocity gradient which is given the 
symbol as shear gradient. 
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G = 


\ 


U 



(i) 


where P = Pov/er input (dj^ne cn/sec) to the fluid 

2 

- Viscosity of the fluid (dyne sec/cm ) 

/ 

V = Volume (cm ) of the fluid to which the power 
input is applied 
G = Shear gradient (sec ) 


According to Camp,;|Stein the relationship (i) is 

of general validity in both viscous and turbulent f lo¥/ . 

2 

Shear stress 7' = ^^G dyne/cm (ii) 



CHAPTER I? 


EXEERIMEMTS Al© BESULTS 

4-1 GEHERAL OUTLI^IE 

As mentioned earlier the source of algal- suspension 
for various experiment's conducted, for this work was the 
effluent from I.I.T. - Campus stabilisation pond and for 
every experiment fresh sample was collected each time- 
Initial algal-concentration therefore, has been different 
for different experiments. It would be ideal to conduct 
various experiments with pure cultures of algal having 
uniform concentrations. However, the studies were carried 
with naturally available mixed algal suspensions oecause 
of the need for future practical application. 

The various experiments and results are arranged 
in a sequential order and presented below. It may be noted 
that experiments have been repeated number of times ard 
only the representative results are presented here. 

a 

SEQUENCE QE EXPERIMEHTS 

(i) Algal Removal Under Natural Conditions 

(ii) Algal Removal by Slow Agitation 
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« . 

(iii) Algal Removal by Recirculating through a -Pump 

(iv) Algal Rem-oval by Blending 

(v) Viability of Harvested Algae 

(vi) Mechanism of Removal 

4.2 ALGAL REMOVAL UiDfR MTURAl CORDITIOHS 

4.2.1 MTURAL SETTLIIG 

With the purpose of studying the natural removal 
of algal-cells, from pond effluent, the freshly collected 
samples were simply kept in graduated cylinders for 
quiescent settling under darkness and light . The efficiency 
of removal (based on percent settling) was j.ound at time 
intervals of 12, 24, 36 and 48 hours. Jhrom the results 
presented in Table 6, it can be seen that the efficiencies 
of removal are very poor and even the maximum efficiency is 
only 20% at the end of 48 hours, in case of dark-storage. 

4 .2 .2 MTURAL RLOTATIOU 

luring previous experiment it was observed that 
most of the algal-cells kept floating to the surface. An 
experiment was therefore designed to study the feasibility 
of removal of algae through natural flotation. The algal 
suspension was taken in a long glass column with outlets 



TABIE 6 


ALGAL REMOVAL UIDER MTURAL COroiTION 


INITIAL 

CONGE mEAT ION : 

225 mg/l, pH-9.4 

SETTLING 

TB,IE(HES) 

EERCENT REMOVAL 

LIGHT* 

DARKNESS 

0 

NIL 

NIL 

12 

5.0 

8*7 

24 

7.5 

15.5 

36 

10.8 

18.5 

48 

12.5 

20.6 


* ELUORESCENT 

TUBES 

Mimber 

8 

Wattage 

40 

Length 

4 Et. 



44 


at various depths (Table 7). The concentrations of algae 
were determined at various time intervals and at different 
depths by withdrawing samples from each outlet. Results 
are presented in Table 8. 

During, the course of experiment some of the algae 
which were uniformly distributed in the column, moved 
towards the surface while some settled towards the bottom. 
Based on initial concentrations of algae there v/as almost 
ten fold increase in concentration at the top while the 
algal concentration at the bottom more or less remained 
the same at the end of 48 hours with an initial reduction 
for a short period. However, attempts to harvest the 
algae from top portion met with failure because of the 
reasons as given below. 

(i) The highly concentrated top layer of algae 
was very thin, 

(ii) They got either stuck to the walls or redistri- 
buted into the liquid even with slightest 
disturbance . 

further investigations to put this phenomenon for 
practical use failed and the attempts were therefore 


given up. 
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TABIE 7 

DETAILS Qg PYREX GLASS COnJMN USED IN HATURAL FLOTATION 


COLUMN LENGTH : 55 cm- 
GOLUMN DIA : 6.5 cm. 

OUTLET NO . DEPTH EROM TOP (cm) 


0 (TOP) NIL 

1 '■5 

II 30 

III ^5 

IV (BOTTOM) 55 
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TABIE 8 


REMOVAL OE ALGAE UM)ER MTUML FLOTATION AT VARIOUS DEPTH 

AMD TIME 


TIME 

(HRS) 



ALGAL COHCEHTRATIOHS (rog/l) 




OUTLET 

NO. 



0 

I 

II 

Ill 

IV 

0 

225 

225 

225 

225 

225 

2 

960 

335 

325 

240 

195 

4 

1000 

255 

230 

195 

165 

6 

1060 

230 

230 

185 

165 

8 

1080 


215 

180 

178 

20 

- 

- 

150 

145 

180 

22 

21 40 

-- 

125 

125 

187 

24 

2200 

- 

115 

115 

185 

48 

21 00 

- 

135 

125 

200 





— - - ■ 





47 


4 *3 ALGAL REMOVAL BY SLOW AGITATIO^T 

Since it was difficult to remove algae from 
top portion auring natural flotation study trials were 
aimed at inducing settlement of algae. As algae were in 
suspension it was felt that agitation and mixing might 
promote agglomeration and quicker settling- 

The pond effluent was agitated slov/ly by stirrer 
in the Jar Test Apparatus. The agitation was carried 
out at 20, 40, 60, 80 and 100 rpm for 20 minutes in each 
case. The algal suspension afterwards was kept under 
quiescent condition for 24 hours. The efficiency of 
removal and other experimental results are presented in 
Table 9. The efficiency of removal was quite low, the 
maximum being 53% only. 

4.4 ALGAL REMOVAL BY HECIRCULATIiJG THROUGH HJMP 

During some trials for growing algae under 
continuous recirculation of the culture with intense 
light it was observed that the algae showed a tendency to 
settle dov/n more and more after every passage through a 
small water-recirculating centrifugal pump (Table 3). This 
phenom^enon was investigated in some detail and the 
experiments are described here. 
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TABLE 9 


EPEICIENCY OP REMOVAL BY SLO'^T AGITATION 

Initial Algae Concentration : 160 mg/l 
Effluent Volume Under Operation : 500 ml- 


MIXING SPEEL 

NIL (CONTROL) 
20 rpm 
40 " 

60 " 

80 " 

100 " 


PERCENT REMOVAL 

15-3 
22 .1 
25 .0 
37-5 
37.5 
53 .0 
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The above noted phenomenon was observed under 
light but it was not certain whether light had any influence 
for this to occur. An experiment was therefore, designed 
to study the effect of light on algal removal by recirculation 
through pump. The algal suspension was recirculated through 
pump both in presence and absence of light for varying number 
of times. The suspension afterwards was kept in 100 ml 
graduated cylinders under quiescent condition. The percent 
removal (based on algal settling) was calculated at the erd 
of 24 hours. Prom the experimental results presented in 
Table - 1 0 it can be seen that the presence of light did 
not have any effect on algal removal. The efficiency is 
better in the absence of light. 

Since light did not have any positive influence on 
the algal-removal it was eliminated in further experiments. 

As the efficiency of removal more or less varied 
with the number of passages through the pump it was decided 
to measure the corresponding electrical energy and correlate 
the efficiency of removal with electrical energy consumed 
in the process of recirculation. An energ;>^ meter (Table 5) 
was incorporated in the system which could measure the 
electrical energy upto an accuracy of 5-5x10 KVYH. Similar 
experiments were conducted with initial algal concentrations 
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TABIE 10 

EFFECT OF LIGHT OW ALGAL RBMOVAI BY RECIRCULATIOI'T THROUGH 

HJMP 


Initial Concentration of algae 96 mg/l 

pH 9.2 


Settling Time 24 hours 


Condition 

HJMP 

of Recirculation 

LIGHT 

Mimber of 
Recirculation 

Percent 

Removal 


COHTROI 


5.0 

Yes 

Ho 

4 

28.4 

Yes 

Ho 

8 

33.3 

Yes 

Ho 

12 

38.3 

Yes 

Yes 

4 

25 .0 

Yes 

Yes 

8 

23 .4 

Yes 

Yes 

12 

28.4 
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of 225 > 195, and 107 mg/l. In these experiments instead of 
measuring the number of recirculations, the electrical 
consumption as ElfH per litre of algal suspension was 
measured in each case. 

With an initial concentration of algae of 120 mg/l 
an experiment was conducted to find optimum settling time. 

The settling time was determined by plotting the efficiency 
of removal against varying settling time after the recirculated 
sample was kept in the graduated cylinders. The experimental 
results for this is presented in Pigure 5- It was found that 
after 20 hours there was not much increase in algal settling. 

The energy meter recorded the total energy input 
and eighty percent of the recorded consumption V'jas assumed 
to be the input into the system. The experimental results 
are presented in the form of "Percent Removal Versus Energy 
Input (lOTH/litr e ) in figure 6- It can be seen that the 
relationship between percent removal and energy consumption 
(E¥H/litre) are exponential in nature and more or less 
similar for all the three concentrations. However, the 
maximum removal was only upto the order of 50% - I't was 
therefore planned to investigate if the efficiency of removal 
could be increased further. There was not much scope with 
the pump since it could be only operated at a constant speed. 
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PER GEHT REMOVAL OE ALGAE 


80 


70 
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HJMP POWHl = TOO WATTS 

DISSIPATION EPPICIEI'KY = 80% (ASSUMED) 

EFFLUENT VOLUME t 10 LITRES o o 

EFFLUENT VISCOSITY : 10 POISE (10 , ^dyne^sec/cm ) 

POWER INHJT t 8 WATT PER LITRE (8x10 dyne - or/s ec-cnr 


SETTLING TIME : 20 HOURS 



KILOWATT HOURS PER LITRE 


FIGURE - 6 PERCENT REMOVAL VERSUS ENERGY INPUT PER LITRE 

WITH HJMP 



PER CEMT REMOYAL OP ALGAE 


80 


53 


HJMP POWER = 100 WATTS 

70 PISSIPATIOE EPPICIEI'CY = 80fo (ASSUMED) 

ERPLUEl'ff VOLUME s 10 LITRES o o 

EPEEUEIffi VISCOSITY : 10“-=^ POISE (10 ^„dyne^sec/cm'^ ) ^ 

POWER lEHJT : 8 WATT PER LITRE (8x1 0'^'xlO"^ dyne- or/s ec-cn? ) 

SETTLING TIME ; 20 HOURS 
50 



0 1 2 3 4 5 6 7x10*^ 


KILOWATT HOURS PER LIORE 

FIGURE - 6 PERCENT REMOVAL VERSUS EI'IEEGY INPUT PER LITRE 


WITH PQMP 
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It was also guessed that some sort of shearing action was 
operative in actuating this phenomena} the next device 
(blender) was brought under study. 

4.5 ALGAL removal BY BLSiDING 

The detail specifications of the domestic blender 
used in this experiment are given in Table 4. This particular 
blender has three different speed control device. Before 
actually starting the experiment its three different speeds 
were measured with STOBOSCOPE and its corresponding power 
with energy meter and stopwatch. For algal removal - study 
the experiments were first carried out at the lowest speed 
of the blender. In this case also the investigation was 
made with three different algal-concentrations and the same 
graduated cylinders were used for settling. Here also the 
settling time was 20 hours (Figure 5) as before. Here 
the rate of power input was higher than that with pump. 

It should be noted that the energy input in either case 
was assumed to be 80 percent of energy consumption recorded 
by energy meter (Table 5)* The experimental results are 
presented in Figure 7-. I’t can be seen that the efficiency 
curve becomes asymptotic after attaining a value of about 
80%. The maximum removal efficiency in this is reasonably 


higher than that with pump. 



PER CENT REMOVAL OE ALG 
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EIGURE-T PERCEMT REMOVAL VERSUS ENERGY INPUT PER LITRE 


BY BLENDING 
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The next experiment of this series was to investigate 
whether increasing speed had any influence on the efficiency 
of removal of algae. The experiment ?/as repeated at all 
the three speeds at which the blender could be operated . 

The rates of energy consumption measured at these three 
speeds were 0.25, 0-33 and 0.4 K]?, respectively- The 
experimental results are presented in figure 8. It can 
be seen that the efficiency of removal increases as the 
blenhing speed i.e.the rate of energy input per unit volume 
is increased , A maximum removal upto the order of 90% 
was recorded during this experiment. This efficiency was found 
with the highest speed of blender. 

4.6 VL4BIIITY Of THE BARYESTED ALGAE 

4-6.1 COMPAEATIVE PHOTOSYIITHETIC ACTIVITY 

To study the viabilitjr of the harvested algae 
somie qualitative and quantitative experiments were conducted. 
The first qualitative experiment was to compare the 
photosynthetic activity of the settled r.ia.ss with the 
control. In this experiment, harvested algae and the 
control algae were taken in two separate test tubes- Both 
the samples Tvere exposed to sunlight. The observations 
made v/ere as follows ; 



PERCEM' RM07iUi Oli^ ALGAE 



0 10 20 30 40 50 60 70x10 


KILOWATT HOLTu PER LITRE 
PIG-URE 8 EEPECT OE BLENDIIG SPE'ED OR PERCEET 
REMOVAL OP ALGAE 
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(a) Both tile samples started producing gas bubbles 
after about ten minutes of exposure to sunlight. Since 
this phenomenon could occur only in presence of light 
it was taken to be a photosynthetic activity. The 
difference observed between the two samples was that 
the control was able to produce gas bubbles for a much 
longer period (even beyond two months) while the harvested 
cells stopped after about a fortnight. 

(b ) The colour of the control remained green even 
beyond two to three months while that of harvested 

cells started changing to brownish after about a fortnight 
and its green colour was completely lost after about 
30 to 35 days. 

4.6.2 MBORATORY CUITUHE OB ALGAL CEILS 

Another experiment in this aspect was culturing 
of the control as well as the harvested algae in a synthetic 
media (Table 11) under a constant light of 8 hos . of 48 in. 
fluorescent tubes. It was observed that the control 
responded positively (though growth was not prolific) 
while the harvested algae did not show any sign of growth 
even after 30 days. The inoculum in the latter case 
settled at the bottom of the container and the colour 


changed to brown. 



TABLE 1 1 


SYNTHETIC SEELIA EOR ALGAL CaLTU EE 


IL&RALIEOTS 

QUANTITY (gm) 

Mg SO^ 7H2O 

0.2 

K 2 H PO^ 

1 .0 

Eg SO^ 7 H 2 O 

0.01 

C\i 

J — 1 

0 

0 

0.02 

0 

0 

0.002 

0 

C\J 

0 

0 

0.001 

La cl 

0.5 

L Cl 

1 .0 

ViTater 

1000 
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4.6.3 POST TEEATMEME EPFLUEMT QUALITY 

In order to check the pollutional potential of 
the supernatant from this process Chemical Oxygen Demand 
of different samples were determined as per procedure 
given in Standard Methods (33)- The results obtained are 
presented in Table 12. ' . 

4.7 jjHCHAMSM OF REMOVAL 

Theoretical Considerations : 

As reported by Pavoni ^ (34) bioflocculation 

is interpreted as resulting from the interaction of 
high-molecular --weight--exo-cellular polymers accumulated 
at the microbial surface during endogeneous growth. These 
polymers bond electrostatically or physically and subsequently 
bridge the cells of the dispersion into a thr-ee dimensional 
matrix of sufficient magnitude to subside under quiescent 
conditions. It v/as felt that similar phenomena may be 
true for algal suspensions also. In order to elucidate 
this two sets of experiments were conducted that are 
described belcv/ . 

(A) A freshly collected sample of algal suspension 

Y^ras centrifuged at 2000, 4000, 6000, 8000 & 10,000 rpm 
for ten minutes in each case- The pellets formed 



TABLE 12 



POST-TREATKEIW EPFLUEI® 

QUALITY (COD) 


SAMPLE 

COD (mg/l) 

natural 

Pond Effluent 

120 

Filtered 

through ''Whatman 42 

72 

Blended 

and Filtered through 



Whatman 42 

64 

Supernatant from the Sample : 



treated by Blending 

36 
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were resuspended in their respective supernatants ard algae 
allowed to settle under quiescent conditions. Percent 
removals were determined spectrophotometrically at the 
end of 20 hours though settling as observed was rather 
quicker u Experimental results are presented in Figure 9. 
It can be seen that efficiency is maximum at centrifugation 
speed of about 4000 rpm, then after, it declines. 

(B) It was further hypothesised that blending would 

effect the shearing off of xhe exocellular polymeric 
material from cell surfaces. In such case the blended 
suspensions (expected to contain sheared off exocellular 
polymers) should be able to bring down the dispersed 
algal cells in the natural pond effluent if mixed with 
it. Experiments were designed to prove this hypothesis 
and are described below. 

One litre of algal-suspension was thoroughly 
blended at the highest speed as provided in the blender. 

The blended suspension was raixed with natural unblended 
suspensions indifferent proportions (Eigure-10). The 
mixed suspension was kept in measuring cylinders- It was 
observed that algae settled down in direct proportion 
to the amount of blended suspension present in the 
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mixture of blended and unblended samples. The experimental 
results presented in Figure 10 indicate that blending 
is most probably effective, in separating exocellular 
polymers fr ;m cell surfaces. However, further experiments 
would be needed to confirm this statement. 



CHAPTER V 


DISCUSSION 


Harvesting of algae consists of three stages* 

i) Concentrating the suspensions 

ii) Dewatering the sludge 

iii) Drying the dewatered sludge 

The present work has been limited to first stage 
only. The discussion of results obtained and observations 
made during experiments conducted for this study is 
presented in this chapter . 

Results presented in Table - 2 show that Chi ore 11a 
is the most predominant algal species amongst mary 
others found in the stabilisation pond. Predominance of 
Chlorella in pond effluent renders the harvesting more 
desirable and profitable because of many considerations, 
for instance; it is highly nutritive; it contains on 
an average 50-60% protein, 20-30% lipids and 10 to 20% 
carbohydrates along v¥ith vitamins (40). Light saturation 
intensity for their species is 600 foot-candles only, 
whereas the average sunlight intensity in India is about 
10,000 foot-candles (5). It is also reported (5) that Chlorella 
has relatively the maximum oxygen donation capacity . 
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From results of experiments conducted for haxvesting 
of algae it can be said that the present work offers a 
good potential for harvesting of algae from stabilisation pond . 

So far as mechanism of removal is concerned it 
appears from the experimental observations that the 
phenomenon of bioflocculation tends to agglomerate the 
algae into a biomass prior to their harvesting. This 
bioflocculation can be attributed to exo-cellular polymeric 
material from either the bacteria or the algae or both. 

The polymers of biological origin necessary for this 
bioflocculation appear to come in the reaction environment 
as a result of shearing when the sample from the pond- 
effluent is blended or recirculated through a pamp. 

This hypothesis is indicated to be true from the results 
presented in Figure 10. It can be seen that the efficiency 
of removal is proportional to the percent of blended 
suspension added. 

Ihvoni _et al . (34) have developed a sound model 
for mechanism of bioflocculation for bacterial suspensions - 
These concepts about bioflocculation proposed by Ihvoni 
et al . appears to have superseded the concepts of previous 
theories such as;; zoogloearamigera theory (35 )s 
(Polybeta -Hydroxy butyric Acid) theory (36) and extra-cellular 
polysaccharides theory (37). According to them "Biof locculation 
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is viewed as the result of interaction of naturally 
produced, high molecular-iveight-longchain polyelectrolytes 
with bacterial cells in such a fashion that the poly electrolytes 
bridge the otherwise individual cells into an aggregate 
that will subside from suspension under quiescent condition" . 
Main constituents of these polymers are (i) Polysaccharides 
(ii) Proteins, (iii) RM & (iv) DM. It has been possible 
to extract these natural polymers from bacterial cell *■ 
surfaces by centrifugation at high speed (32500 g) and 
isolate the same with ethanol technique (38 )• Flocculating 
property of these isolated polyelectrolytes has also been 
proved and verified by various experiments such as 
flocculation of the inorganic suspensions of kaolinite and 
Alumina as v/ell as bacterial suspensions of various origins. 

Similar phenomenon may also reasonably be expected 
with algal suspensions as well. Like bacteria most algal 
cell walls also are surrounded by flexible, gelatinous 
outer matrix, secreted through cell walls. It may be 
noted that many bacteria such as Micrococcus , Sarcina , 

Bacillus , Spirillum , Strept obacillus Streptococcus etc. 
possess morphological similarity to algal species 
Aphanocapsa , Merismopedia , Gleotheca , Spirullina , 

Phormidium ani Dost oc respectively (39). 
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Figure 9 sho?/s the relation betvi^een centrifugation 

speed 5 and percent algae removal. It indicates that 

natural polyelectrolytes are most probably sheared off 

during centrifugation and their quantity, quality or both 

are not the same at different speeds. An optimal removal 

is observed at 4000 rpm. It is very difficult to 

conclude whether this phenomenon occurs due to algal 

polyelectrolytes or that by bacterial polyelectrolytes 

or both. It appears reasonable to assume that it is due 

to both, since pond effluent contains both algae and 

bacteria. About activated sludge-suspension Bokil(44) 

has reported that mechanical blending positively improves 

the settleability of microbial suspension of activated 

sludge origin. He further reports that blending increases 

in iht absence of subsbrak . 

the rate of autooxidation;( It breaks up the floe into 
individual cells and thus adsorptive sites are increased 
because of increased surface area. As mentioned earlier 
agglomeration is looked upon as an interaction of polymers 
of natural origins forming bridges with adjacent surfaces. 
This process becomes optimal in the end eg e nous phase, 
perhaps because an adequate concentration of polymer can 

microbial 

accumulate per unit/_surface area in this phase. It is quite 
possible that blending helps in bringing out this adequacy 
of polymer accumulation. 
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In qualitative experiments (para 4.6 .1 and 4,6.2) 
it was observed that algae harvested by blending could shm 
photosynthetic activity for comparatively lesser, period 
than control. The former got discolored comparatively 
quickly and did not show any growth in synthetic media 
(Table 11 ). These observations can be. explained on the 
logic that algal cells during blerding or recirculating . 
operation undergo -• 2ome sort of physiological change 
on account of which they are accelerated to endogenou.3 
phase rather earlier and perhaps this is the reason of c 
their poor photosynthetic activity, losing the natural 
green colour rather quicker, and inability to grow in a 
synthetic media. 

Agglomeration and consequent settleability of algal 
cells are most probably due to flocculation brought 
about by bridging mechanism caused by natural polymers 
either from bacterial algal origin or from both. 

The degree of removal then would depend upon the 
quality of polymers produced, figure - 10 shows the 
relation between percent removal and percent of blended 
algal suspensions added to unblended one- The straight 
line relation indicates that the removal of algae increases 
with increasing amounts of blended suspensions i.e.,V'/ith 
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increasing quantity of separated polymers. It nay be 
possible that in actual field operation it would not be 
necessary to blend the entire volume of the effluent of 
a pond to bring about desired percent removal of algal 
cells. Blending only a portion of the effluent may prove 
to be an economical measure. 

It can be seen from Figure 6 & 7 that percent 
removal of algae versus energy input per unit volume 

of suspension is a curve of exponential nature. For a 
particular rate of energy input the percent removal 
increases as the energy input per unit volume is increased. 
But the curve flattens out for higher values of energy 
input. It indicates that there is a practical limit for 
maximum removal. The upper limit of percent remioval in 
case of blending is higher (Figure - 7) than that in case 
of recirculating through pump (Figure - 6 ) . This is perhaps 
due to higher rate of energy input with blender (400 watts 
per litre) than that with pump (8 watts per litre). 

From Figure — 8; it can be seen that the efficiency 
of removal increases as the power inpat per unit volume 
of suspension increases. In other words, it can be said 
that the efficiency of removal increases as the Shear 
Gradient (G) increases. Based on the above findings it 
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can be concluded that high speed blender would be 
desirable to make the process economical. It is worth 
mentioning here that the geometrical shape and size of 
impeller are also important parameters affecting the 
efficiency of the process. An extensive study is required 
to investigate the optimal shape and size of the impeller. 

Uo such attempt has been made in the present study. 

Experimental observations made for studying 
the viability of the algal cells harvested by this process 
indicate that the cells are most probably not viable as 
they did not show any growth whatsoever in laboratory 
culture medium ( Table 11). Another point in favour 
of this statement is that the little amount of inoculum 
(harvested cells) which was injected into the medium 
settled at the bottom of the container and became discolored 
after about a fortnight. When it was found that the 
treated cells were not viable, a doubt arose whether the 
shearing of the cell would contribute some soluble or 
suspend organic compounds to the effluent. Estimation of 
of C.O.E. for untreated effluent, filtered effluent, sheared 
and settled effluent was carried out and the results are 
given in Table 12. Eilter paper v/hatman Eo . 42 was used 
to remove fine suspended material including algae to have 
an idea of soluble C.O.D. The results indicate that 
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the oxidation pond effluent with the algae is having 120 ng/l 
of 0.0-D while filtered effluent with and without shearing 
are almost giving 64 to 72 mg/l. The interesting result 
is; the sample that is treated and settled without ary 
filtration gave about 36 mg/l of C.O.D. It appears that 
shearing and settling of the algae do not contribute ary- 
additional C.O.D. rather is beneficial in reducing the C.O.D. 

low “S peed-mixing concept as applicable to 
"Activated Algae" (41) was also tried wi’th Jar Te st -Apparatus - 
Results have been reported in Table 9» It can be seen from 
the table that low -speed -mixing is not much effective 
in removing algae for stabilisation pond effluent. 

The reason of this ineffectiveness is perhaps the 
low concentration of the algae in pond effluent. Me Grief 
et (4) report that this concept was successful at 

high solid concentration (7000 mg/l) using activated algae. 

Algae have the natural tendency to float on the 
surface. It was thou^t to utilise this property for 
harvesting purpose and an experiment was designed accordingly 
the descript ions -f or which has been presented in chapter 4-2.2 
The experimental results are presented in Table 8- It can 
be seen from the table that the results are erratic. The 
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effluent quality after treatment does not remain consistent . 
The efficiency of removal as well is very low (not more 
than 48 %)- Moreover, it was impracticable to remove the 
algal layer from the top-of the column. It can thus be 
concluded that this method is not feasible in true sense 
for harvesting of algae. 

Among all the alternatives studied blending v/as 
found to be comparatively much better and feasible. 



CHAPTER VI 


COHClUSlOl® 

The following conclusions can be drawn from the 
present laboratory-scale study. 

(i) Harvesting of algae is feasible by means of 
bioflocculation which can be induced by rapid 
mechanical agitation. 

(ii) The process is applicable at various algal- 
concentrations. The efficiency of removal 
increases with increasing algal concentrations, 

(iii) The relation between algal-removal and the 
energy input is exponential in nature.. 

(iv) Percent removal of algae increases with increasing 
Shear Gradient (G) . 

(v) The maximum algal removal is upto and the 
cells are not viable. 

(vi) The settling time for algae in this process 
is of the order of 20 hours. 

(vii) Low-speed-mixing or agitation of stabilisation 
pond does not bring about appreciable removal, 
(viii) Harvesting of algae by natural flotation is not 
practically feasible. 

(ix) The effluent after treatment and settling has 
low C.O.D. value of the order of 36 mg/l. 



CHAITER VII 


SCOPE OP FUTURE STUDIES 


1 , The speed of blender, its shape and size are impcjrtant 
parameter affecting the efficiency of removal. In the 
present work, the study has been kept limited to a 
particular shape and size of blender and that also 
.under a narrow range of speed. There is enough 
scope to make investigation for the optimal condition 
of the blending speed, the shape and size of blender 
etc. This can be done by studying the efficiency 
of removal at various speed and with various shape 
and size of blender. 

2. So far as mechanism of removal is concerned it could 
not be confirmed that, like bacteria algae also 
contains exo~cellular polymeric materials though 
positive observations have been made in this favour. 
The work can be very well extended to isolation of 
exo-cellular polymeric material from algal cells and 
studying its flocculation property. 
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